Cartilage injury is an important cause of osteoarthritis; however, there is no effective method of cartilage regeneration at present. Therefore, it would be of great value to explore and develop new methods of cartilage regeneration. In recent years, it has become a hot topic on repairing damaged cartilage by using tissue engineered cartilage domestic and abroad. It's the key factor to success for getting cell source which is effective, applicable and easy to obtain in the technology of cartilage tissue engineering filed. This article summarizes the research progress of bone marrow extract buffy coat in cartilage tissue engineering.
Introduction
Osteoarthritis (OA), with a high incidence and morbidity rate and a long treatment process, results in huge economic burden to society and people and effects on physical and mental health of patients. The cartilage injury is an important cause of knee osteoarthritis. At present, the commonly used methods for the treatment including arthroscopic debridement, subchongdral bone drilling, microfracture, auto or allo osteochondral transplantation, and autologous chondrocyte transplantation [1] [2] . Nevertheless, there is no effective method for articular cartilage regeneration. Therefore, it has great value to explore and devel-*Co-first author. These authors contributed equally to this work.
Cartilage Tissue Engineering
Scaffold: In order to copy the target tissue of ECM characteristics, cells are usually seeded onto a scaffold in tissue engineering. By imitating ECM, biomaterials provide an environmental structure that supports cell activity, proliferation, and secretion [5] . These biomaterials include synthetic and natural matrices, which could be distinguished by proteins or polysaccharides [6] . The ideal biomaterial should be biocompatible to prevent inflammation and immune response. It must be permeable to allow the diffusion of molecules, nutrients, and growth factors. Finally, it should be biodegradable so that it is enough to be integrated into the physiological process of tissue remodeling. Ideally, it should be injectable to allow implantation through minimally invasive surgery. The representatives of synthetic materials include polyglycolic acid (PGA), polylactic acid (PLA) and polydioxanone [7] . The representatives of natural materials are membranes of type I and III collagen, type I collagen gel and hyaluronic acid matrix [8] [9] . There are still many new materials besides the ones have been presented as above.
Growth factors: Growth factors could stimulate cell proliferation and differentiation, and prevent apoptosis and secretion of extracellular matrix. In cartilage tissue engineering, GF-β1, as most commonly used growth factor, is associated with regulation of proliferation, differentiation and ECM synthesis [10] . IGF-1 induces a plethora of anabolic effects and decreases catabolic responses. With collagen type II matrix, cartilage defects filled with IGF-1 can be repaired more efficiently [11] . FGF-2 treatment of bone marrow-derived MSC monolayer cul-Journal of Biosciences and Medicines tures results in enhancing proteoglycan synthesis and cell proliferation [12] . Platelet-derived growth factors (PDGF) was the first growth factor reported and its role and function were primarily linked with every type of injury healing based [13] . BMPs have been shown to regulate chondrocyte proliferation independently. However, in parallel to Indian hedgehog (IHH) [14] , with BMP2 and BMP4 are especially important for chondrocyte proliferation and differentiation [15] .
Cell: Chondrocytes, fibroblasts, stem cells and iPS cells have all been tested in cartilage engineering. However, chondrocytes and MSCs remain the most largely investigated sources of chondrogenic cells for cartilage repair [3] .
MSC-Based Cartilage Repair
The differentiation abilities of MSC to cartilage in vitro have long been demonstrated. The study of cartilage differentiation of MSC was mainly focused on inducing chondrocyte differentiation in vitro by using TGF-β, IGF, BMP, FGF and various kinds of cytoskeleton. However, the regulation mechanism of these factors is still unclear, which limits the clinical practice. In order to avoid the above restrictions, many researchers injected proliferating MSC into injured cartilage without differentiation in vitro. However, the MSC without induction appears a long transform period into chondrocyte with low efficiency, resulting in fibrocartilage with chondrocyte hypertrophy [16] . Therefore, the research on the treatment of cartilage injury and osteoarthritis with MSC has been changed to search cytokines and growth factors available for clinic practice. It has been reported that the chondrocyte regeneration abilities of chondrogenic progenitor cells and autologous PRP mixture have exceeded that of MSC [17] . According to these results, we speculate that autologous PRP is a potential source of growth factors and cytokines. However, due to the limited source and cumbersome sampling of chondrogenic progenitor cells, the shortcomings of cell proliferation in vitro have not been overcome yet.
The Effect of Platelet-Rich Plasma (PRP) on Cartilage
Platelet-rich plasma (PRP) is a self-concentrated mixed cytokine produced by centrifuging peripheral blood. PRP contains a lot of growth factors and cytokines, such as platelet growth factor (PDGF), epidermal growth factor (EGF), IGF-1, TGF-β1, vascular endothelial growth factor (VEGF), hepatocyte growth factor (HGF) and FGF, as well as other unknown growth factors [18] [19] . These components of PRP determine their multiple roles. For example, enhance anabolism, anti-inflammatory, and cell differentiation.
Studies showed that PRP played a critical role in articular cartilage repair and regeneration by stimulating the migration, proliferation and differentiation of MSC, which results in alleviating the symptoms of osteoarthritis and delaying cartilage degeneration. Except for relief of symptoms, PRP also could inhibit inflammatory response by nuclear factor kappa-B (NF-kB) signaling pathway, Journal of Biosciences and Medicines leading to relieve pain. Furthermore, PRP not only can promote tissue regeneration, also lubricate cartilage by reducing friction and wear [20] . Despite all these advantages, the therapeutic effect of PRP is still limited because of not carrying MSC and heterogeneous [21] . Therefore, it can only be used as cytoskeleton, growth factors or cytokines.
Cartilage Regeneration from Bone Marrow Concentrate (BMC)
Bone marrow concentrate (BMC) is the product extracted from interface between erythrocyte and plasma after centrifugation of bone marrow. Its components include some surface erythrocyte, white blood cells on the surface of erythrocyte and some bottom plasma. BMC can be applied immediately to patients without any treatment, and many regulatory agencies have approved it for clinical use. Except for MSC, BMC also contains many biologically active molecules and cells, including lymphocytes, neutrophils, monocytes and platelets. Therefore, some researchers consider that BMC is the product of PRP plus MSC. In fact, there are many different cytokines and growth factors between BMC and PRP. There are few cytological analyses of BMC in orthopaedics. A study showed that BMC contained a lot of platelets, monocytes and CD34 positive cells [22] . Cassano also demonstrated BMC is rich in interleukin-1 receptor antagonist (IL-1ra) [22] . As a natural receptor antagonist of natural IL-1, IL-1ra can be used in treating autoimmune diseases, such as rheumatoid arthritis, which is an interesting finding for clinicians. Furthermore, BMC also contains interleukin-1 beta (IL-1 beta) and interleukin-8 (IL-8) which are not found in PRP. However, there is a lot of red blood cell (RBC) in BMC. Horn et al. reported that RBC could restrain the adhesion and proliferation of MSC [23] . In a word, the key point of using BMC in cartilage injury treatment is to overcome the effect on adhesion and proliferation of RBC. We thought maybe the buffy coat is the BMC removing RBC.
Buffy Coat
Buffy coat is a mixture of white blood cells, platelets and serum after blood or bone marrow centrifugation. When the blood or bone marrow was centrifuged, we could acquire three different distinct layers. After centrifugation, one is transparent liquid (plasma), the other one is red liquid containing most red blood cells, and in the middle, a thin layer of liquid (Buffy coat) can be distinguished ( Figure 1 ).
Buffy coat (we call it "Buffy coat", because its color is usually light yellow) accounts for less than 1% of the total sample, which contains most white blood cells and platelets. In practice, the deoxyribonucleic acid (DNA) of buffy coat is usually derived from mammalian blood, because mammalian red blood cells are nuclear-free and do not contain DNA.
Under experimental conditions, the MSC in blood or bone marrow is often [24] . Ficoll density gradient is often used to obtain buffy coat in the laboratory. First, the samples were diluted with PBS (1:3), and pipetting to prevent the samples from coagulating (to ensure that there were no blood clots in the samples). Next, Ficoll with a total sample size of 1/3 should be placed in the centrifugal tube, and then the sample should be slowly placed in the centrifugal tube (never mixed with Ficoll).
For specific gravity, the sample will be above Ficoll. Then be centrifuged under 1000 g centrifugal force for 30 minutes [25] . After centrifuged, we could see a red liquid (erythrocyte layer) at the bottom of the centrifugal tube, with a transparent and colorless Ficoll layer, and a mixture of serum and PBS on the top.
There is a translucent layer between Ficoll and serum PBS mixture, which is called buffy coat ( Figure 2 ). 
Cartilage Regeneration from Bone Marrow Derived Buffy Coat
In vivo study, Jin et al. (2011) firstly observed that the buffy coat contained monocytes, lymphocytes, macrophages, platelets, and various cytokines displayed good cartilage regeneration [24] . As the achieved number of MSCs in the buffy coat are higher than that of the bone marrow stimulation (100 times). The buffy coat of 4 ml bone marrow contained 2400 MSCs.
In vitro study, the positive control group was cultured in the cartilage culture medium supplemented with TGF-β3 (10 ng/ml) after adding 5 × 10 6 MSC to each sample; the Buffy coat group, each sample was supplemented with 2 ml buffy coat which from the bone marrow, and then cultured in the chondrogenic medium without TGF-β3. Three weeks later, tissue engineered cartilage was observed in both groups. However, necrosis could be seen in the middle of the cartilage in positive control group, but in buffy coat group, it was differentiated into cartilage in all aspects [26] .
It has been proved that buffy coat plays an important role in chondrogenesis in vivo and in vitro study. Buffy coat is rich in MSC, cytokines and growth factors, and also successfully overcomes RBC incorporation. Buffy coat is more likely to generate tissue engineered cartilage, because of no RBC, which prevents MSC adhesion and proliferation. The greatest advantages of buffy coat are that it has no autogenous rejection, no need to be cultured in vitro, and without growth factors.
Application Prospect of Buffy Coat
The effect of buffy coat on cartilage regeneration has been verified [24] [26], and not only in cartilage regeneration, but also in many areas of tissue regeneration, such as bone defect, nonunion, cardiac tissue regeneration, nerve injury, skin defect, etc. It will become a new source in the field of tissue engineering.
The Shortcomings of Buffy Coat
Buffy coat is difficult to be fixed in the damaged tissue because it is liquid. It contains various factors and cells, however, it is lack of one of the three elements of tissue engineering cytoskeleton. Therefore, leading to the research hotspots has shifted to seek for scaffold which matching the properties of buffy coat and different scaffolds for different tissues.
Conclusion
Although there are still many problems in the application of buffy coat, with the continuous development of materials and technology, such as three-dimensional printing technology, electrospinning technology, we believe that buffy coat will overcome the clinical scientific problems of cartilage injury by multi-disciplinary and multi-field cooperation and comprehensive utilization of materials science, biomechanics, physiology and other related expertise. 
